18 Diet-tracking mobile apps have been effective in behavior change. At the same time, 19 quantity-focused diet tracking (e.g., calorie counting) can be time-consuming and 20 tedious, leading to unsustained adoption. Diet Quality-focusing on high-quality 21 dietary patterns rather than quantifying diet into calories-has shown effectiveness 22 in improving heart disease risk. Healthy Heart Score (HHS) predicts 20-year 23 cardiovascular risks based on quality-focused food category consumptions, rather 24 than detailed serving sizes. No studies have examined how mobile health apps 25 focusing on diet quality can bring promising results on health outcomes and ease of 26 adoption. We designed a mobile app to support the HHS informed quality-focused 27 dietary approach by enabling users to log simplified diet quality and view its real-28 time impact on future heart disease risks. Users were asked to log food categories 29 that are the main predictors of HHS. We measured the app's feasibility and efficacy 30 on improving individuals' clinical and behavioral factors affecting future heart 31 disease risks and app use. We recruited 38 overweight or obese participants at high 32 heart disease risk, who used the app for 5 weeks and measured weight, blood sugar, 33 and blood pressure, HHS, and Diet Score (DS) measuring diet quality at baseline and 34 the fifth week of the intervention. The majority used the application every week 35 (84%) and significantly improved DS and HHS at the fifth week (p<0.05), although 36 only 10 participants (31%) checked their risk scores more than once. Other 37 outcomes did not show significant changes. Our study showed logging simplified 38 diet quality significantly improved dietary behavior. The participants were not 3 39 interested in seeing HHS, and the participants perceived logging diet categories 40 irrelevant to improving HHS as important. We discuss the complexities of 41 addressing health risks, quantity vs. quality-based health monitoring, and 42 incorporating secondary behavior change goals that matter to users when designing 43 mobile health.
5 83 the prevention of chronic diseases. Awareness of heart disease risk has shown as 84 one of the most critical methods and strategies to change behavior. Numerous 85 mobile apps have been designed to directly or indirectly bring awareness about 86 heart disease (14, 15) . However, these apps rarely show how lifestyle behavior 87 change of risk factors-smoking, diet quality, or alcohol consumption-affects their 88 outcomes to preventing heart disease (1, (14) (15) (16) (17) (18) (19) (20) . While understanding future risks 89 increases motivation of individuals to change behavior, whether individuals will 90 actually change behavior is a more complicated, sophisticated problem to solve than 91 just "getting the message across" (21).
92 Our goal was to design and test a mobile app that would help users focus on 93 improving diet quality with the help of getting real-time feedback on future heart 94 disease risk as a result of their diet quality patterns. This way, we could increase 95 individuals' awareness on cardiovascular risks based on daily dietary choices. Users 96 thus can focus on the behavior that is present and immediate, rather than an 97 uncertain future (22, 23) . Users can log simplified categories that have high quality 98 diet-e.g., vegetables, fruits, whole grains--to help users focus on the quality of food, 99 rather than the detailed nutritional value, calories, and quantity of food. 100 Our study demonstrated that: (1) Monitoring simple diet quality can have significant 101 effect on dietary behavior change; and (2) regardless of participants' interest 102 toward heart disease risk, the app reduced the risk.
6 103 Materials and Methods 104 We designed the app based on Behavior Change Techniques (BCT) (24). We used 105 focus groups to iteratively improve the paper prototypes and developed Android 106 based app as a result. We then conducted a 5-week pre-post study with a follow up 107 two weeks after the post study to evaluate the app's efficacy of clinical and 108 behavioral outcome changes as well as app usage patterns.
109
Focus groups for app development 110 We conducted three focus groups in a sequence (n=13 total with 3~5 people for 111 each group) to iteratively improve the initial digital paper prototype (Figure 1 ). The 112 participants were at risk for heart disease recruited from a weight management 113 clinic in the U.S. Midwest. During the focus groups, the participants were presented 114 with images from the initial prototype to test usability and learnability of each 115 screen ( Figure 1 ). We revised the design iteratively based on the feedback. We then 116 developed the mobile application on an Android platform. processed meat, and sugary drinks will lead to lower DS.
147 Figure 2 . This figure describes the Healthy Heart Score (HHS) (5) and calculation of 148 Diet Score (DS) for women and men.
149
In the diet monitoring screen (Figure 3a ), users can enter up to four food categories 150 for each of the meals they ate each day; breakfast, lunch, dinner, and snack.
151
Following HHS, users could log overall quality of diet through the seven food 152 category items noted by HHS: four healthy categories-fruits, vegetables, whole 153 grains, and nuts and three unhealthy categories-red meat, processed meat, and 154 sugary drinks. The app also allowed selecting the Other category to log foods not 155 included in the provided categories. The Goals screen showed the default number of 156 servings suggested for each food category. Users can either drag a food category 157 icon, e.g. Fruit, to one of the meal slots, which counts as one serving of that category 158 to that meal, or tap the calendar and work on the popup window to increase or 159 decrease the number of servings and add the name of the food they consumed.
160
Definition of a serving was not defined-any consumption counted as a serving, 161 following the anti-quantification approach. In the Goal screen (Figure 3b we rescaled the HHS to a range from 1 to 10 from its original unit, 0-100%, 173 following the suggestion provided by from the focus groups and in consultation with 174 the expert who developed the HHS. The focus groups' complaint was that the 175 percentage was confusing-e.g., whether 50% meant 50% higher risk than others or 176 half of the risk compared to others (or compared to current status). In the rescaled 177 range of the score, the ideal risk score for a healthy individual is between 1 and 2, 178 and if one has a risk score of 9 or above, the person is four times or more likely to 179 develop heart disease than an individual with a healthy lifestyle. 202 Figure 4 shows the study procedure.
203 Figure 4 . The figure shows the timeline of the pre-study and post-study 204 measurements and follow up and the notation of the Weeks.
205
All participants received cash compensations of up to U.S. $50. The participants 206 received partial or full compensation depending on how much they completed the 207 following: three online surveys; measure health outcomes twice; and use the app at 208 least 6 days a week during Week 0 to 4. The app was provided to the participants in 11 209 two ways. If the participants had an Android phone, we installed the app onto their 210 phones. Otherwise, we provided them with a Samsung Galaxy S3 phone, with the 211 app installed, for the duration of the study. These participants were required to 212 return their phones at the follow up.
213
Research questions and analyses 214 We wanted to answer three research questions regarding feasibility to logging diet week, and then only a few checked again at Week 4 (n=10). Most participants did 306 not return to the Risk screen to recheck it after the baseline.
307

RQ3. How effective was the application in changing health outcomes?
308 Diet Score. All but two participants logged their diet during the active intervention.
309
Among the n=30 participants who logged their diet during the active intervention, consumed (fruits, vegetables), we showed users steadily used the app even after the 357 required weeks they were not incentivized to use it. One participant asked if they 358 can continue using the app even after the study had completed.
359
At the same time, the study showed no association between frequency of use and 360 diet score increase. This finding shows the need to separate quantitative measure of 361 usage from health outcomes. This implication aligns with the discussions around 362 whether sustained use of an mHealth app is a positive one or not-discontinuing to 363 use an app might mean the user no longer needs the app because the user has 364 achieved the health goal or that the user has become more independent (9).
365
One challenge we discovered in logging diet quality was that even at the gross level 366 of food categories, some participants found confusions around categorizing food to 367 the right categories (e.g., confused pork as white meat, avocado as not being 368 vegetable). and a few came back for a second check after a week, and most did not come back.
369
Implications for health risk communication in mHealth design
378
The follow up interview revealed that the participants noted their score did not 379 seem to visibly change, so they did not think to check more often. At the same time, 380 the HHS results showed that the participants still significantly improved their HHS 381 at Week 4. A solution would be to improve on visualizing the risk scores so that 382 their improvement is more visible and concrete. One idea is to augment a 383 forecasting trajectory to the risk score. The predicted line could be designed to 384 adjust more sensitively to users' recent efforts to provide further motivation.
385
Communicating future risks is known to alert and motivate people to change Implications of "Other" in monitoring apps 398 The findings on the largest logging activity of "Other" food categories provided 399 implications for balancing between simplification and accommodation of users' 
